Background Postcurettage void augmentation in the management of hand enchondroma is a debated practice. The objectives of this study are to present the outcomes of hand enchondroma treatment by curettage without void augmentation at the authors' institution and to systematically review the literature pertinent to this aspect of management. Methods Initially, a retrospective case series of patients treated for hand enchondroma at the authors' institution was conducted to assess postoperative complications and radiographic consolidation. All patients were treated by curettage without void augmentation. Next, a systematic review was conducted. Postcurettage void management was categorized into four groups: (1) curettage alone, (2) curettage followed by augmentation with cancellous autograft, (3) curettage followed by augmentation with bioactive and osteoconductive materials other than autograft, and (4) curettage followed by augmentation with bone cements. Complication and recurrence rates were compared. Results The authors' series was composed of 24 patients with 26 lesions. The mean age was 38.9 years (range 14-61), and the mean follow-up was 26 months (range 3-120). There was one recurrence but no postoperative fractures or nonunions. As for the systematic review, a total of 22 studies involving 591 patients and 609 lesions were assessed. Complications occurred at an incidence of 0.7 % following curettage alone, 3.5 % following autograft, 0 % following augmentation with bioactive/osteoconductive materials, and 2.0 % following cement augmentation. No statistical differences were noted for complication or recurrence rates.
Introduction
Enchondroma is a benign, intramedullary, cartilaginous tumor and is the most common bone tumor of the hand. It often presents in the third and fourth decades of life [6, 9, 11, 12, 14, 16, 21, 29, 33] , has a predilection for the ulnar sided tubular bones of the hand, and arises most frequently in the phalanges and metacarpals [5, 8, 25] . Malignant degeneration is exceedingly rare [4] but has been reported most often in conjunction with Ollier's or Maffucci's syndromes [2, 26] .
Curettage is the well-accepted definitive form of treatment for hand enchondromas. However, management of the resultant bone cavity remains a topic of debate. Some surgeons advocate simple curettage [11, 12, 21, 27, 28, [30] [31] [32] [33] while others recommend curettage followed by void augmentation with biological or synthetic fillers [1-3, 6, 7, 9, 13-16, 29, 34] . Proponents of curettage alone contend that augmentation is an extraneous step that is unnecessary for the prevention of postoperative fractures or recurrence and carries significant risks or disadvantages: donor site morbidity when an autologous bone graft is used, added surgical time and expense, and the introduction of a foreign body material when allografts and synthetic materials are used. On the other hand, advocates of void filling and augmentation propose that defect filling may provide early structural support (in the case of bone cement) or an osteoconductive environment that could facilitate more rapid bone healing and decrease the likelihood of postoperative fracture and recurrence [1, 2, 6, 9, 13, 14, 16, 20, 29, 34] . To date, no comprehensive study has demonstrated superiority of curettage and augmentation over curettage without augmentation.
The objectives of this study are to analyze the efficacy and safety of curettage alone at the authors' institution and to systematically review the literature on hand enchondromas and compare the results of (1) curettage alone, (2) curettage followed by augmentation with cancellous autograft, (3) curettage followed by augmentation with bioactive and osteoconductive materials other than autograft, and (4) curettage followed by augmentation with bone cements (materials that provide immediate structural support). It is hypothesized that there are no differences in postoperative complication rates among the various categories of treatment.
Materials and Methods

Case Series
A retrospective review was conducted using the clinical records and radiographs of patients with single or multiple enchondromas of the hand treated between January 1989 and October 2013 at the authors' institution. Institutional review board approval was acquired for this study; however, patient consent was waived due to the retrospective nature of the study. International Classification of Diseases (ICD-9) and Current Procedural Terminology (CPT) codes were used to identify the patients of interest. Patients with a confirmed histological diagnosis of enchondroma in the hand treated by the senior author were included in the study. The following exclusion criteria were applied: patients who had less than 3 months of follow-up (n=2), patients with missing medical records (n=1), nonoperative treatment (n=1), curettage followed by void augmentations (n=1), previous enchondroma surgery performed at an outside institution (n=1), patients with Ollier's disease as these patients tend to have a high recurrence rate (n=1), skeletally immature patients (n=1), and patients with previous open reduction and internal fixation of a phalanx fracture that subsequently developed an enchondroma (n=1). Basic demographic data, the presence of postoperative complications, and recurrence were evaluated during the follow-up visits. Furthermore, the radiographic dimensions of each lesion were measured using preoperative posteroanterior (PA) and lateral radiographs. Lesion size was measured in millimeters as the proximal-to-distal length (PA view) multiplied by the medial-to-lateral width (PA view) multiplied by the volar-to-dorsal depth on lateral radiographs. Complete radiographic consolidation was defined as the presence of bridging callus and subsequent formation of osseous tissue and the absence of radiolucency within the previous site of the enchondroma. Patients who were lost to followup prior to complete consolidation were considered to have Bbony consolidation in progress.^In the context of the case series, recurrence was defined as recurrent clinical symptoms of pain, swelling, deformity, or a pathological fracture in conjunction with a radiographic reappearance of the lesion at the same site of previous surgical treatment.
Surgical Technique
All procedures were performed under general anesthesia and tourniquet control. One attending surgeon performed or supervised all procedures. Dorsolateral incisions directly overlying the cortical bone enclosing the enchondroma were used for metacarpal, proximal phalanx, and middle phalanx lesions. Distal phalangeal lesions were all exposed through a midline, volar incision. A beaver blade was used to cut a cortical window, and a curette was then used to remove the tumor and to help visualize the inner surface of the bone. At times, a 30-degree arthroscope was inserted to help visualize the inner cortex to ensure that the lesion was completely removed (boneoscopy). Phenol chemical cautery was used as an adjunct to curettage in 6 out of 26 (23 %) cases. Phenol was used when there were Bnests^of cartilage imbedded in the intramedullary wall of cortical bone and there was a concern that the lesion could not be completely removed without creating a new fracture through the thin cortical bone. In all but 1 case, patients that presented with a pathological fracture were allowed to heal prior to surgery. One pathological fracture was stabilized during the curettage with two Kirschner wires as the fracture involved the proximal phalanx and was displaced enough that adequate reduction could not be maintained without surgical fixation. Postoperatively, patients were splinted for 3-6 weeks in the intrinsic plus position. The duration of splinting depended on the patient's comfort. Typically, a distal or middle phalanx was splinted for 2 weeks and a metacarpal or proximal phalanx splinted for 6 weeks. Radiographs were typically obtained on the first postoperative visit, 6 weeks, and 12 weeks. For lesions that appeared to have small homogeneous, well-demarcated lucencies, with typical intralesional calcifications, follow-up usually ended between 3 and 6 months; however, for larger, more atypical lesions with concern for low-grade chondrosarcoma, patients were seen for at least 1 year and asked to return on a yearly basis.
Systematic Literature Review
In October 2013, a MEDLINE and CINHAL database search was conducted to identify studies on the treatment of hand enchondroma. The MEDLINE search query consisted of the following expression: Benchondroma*[TI] AND (hand OR Wrist OR carpus OR phalanges OR fingers OR metacarpals OR thumb) NOT Review.^Limits were applied to include English and German language articles only. The literature search included the past 25 years, beginning January 1st 1988 until October 1st 2013. The bibliographies of articles identified in the initial search were also analyzed to detect relevant studies, and eight additional studies were identified. In addition, one study indexed in Medline as a non-English study had an available English version and was included [35] . The authors' case series was also included in the synthesis.
The titles and abstracts were screened, and the following additional exclusion criteria applied: (1) case reports, or case series with less than 5 patients; (2) nontherapeutic/diagnostic studies; (3) enchondromas in anatomical locations other than the hand or wrist; (4) correspondence letters or quizzes; (5) nonoperative treatment; (6) surgical technique only; (7) animal studies; and (8) basic science studies. In addition, articles that could not be obtained either electronically or in print through the authors' institution were excluded. Secondary inclusion criteria involved the following: (1) data with at least 3 months of clinical follow-up; (2) sufficient descriptive details of the anatomical location and type of tumor to enable subgroup allocation and analysis; and (3) for studies that described more than one surgical technique, distinct subgroup data and outcomes were required to enable accurate case categorization. Figure 1 represents a flowchart that summarizes the inclusion and exclusion process. Two reviewers independently assessed each of the studies for eligibility and inclusion.
Eligible studies were then categorized into four broad treatment groups that included the following: (1) curettage without subsequent augmentation, (2) curettage followed by augmentation with autograft, (3) curettage followed by augmentation with bioactive and osteoconductive materials other than autograft, and (4) curettage followed by augmentation with bone cements that provide early structural support. Patients who were treated for enchondromas in a location other than the hand or carpal bones (n=3, 1 distal ulna, 2 metatarsal lesions) or with a method other than curettage (n=1, trans-metacarpal amputation) were also excluded. Complications and recurrence were the main outcomes of interest and underwent separate statistical analyses because recurrence is generally thought to correlate with time, and the available follow-up time periods for the various treatment modalities were markedly different. When possible, patients with multiple enchondromatosis were excluded from complication and recurrence analyses, as these patients are expected to have a higher recurrence rate. Complications were defined as nonunion, malunion, infection, postoperative fracture, persistent pain or symptoms, postoperative hematoma requiring reoperation. Although soft tissue complications were noted within the results of the authors' current case series, this category of complications was considered largely dependent on surgical dissection as well as postoperative rehabilitation and was not assessed during the systematic review. For the same reason, postoperative functional results such as range of motion and grip strength were not assessed.
Levels of evidence were assigned to each study in accordance with the Oxford Center for Evidence-Based Medicine's Levels of Evidence [23] . The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist was used as a framework to guide this systematic review [19] . Fisher's exact test was used for statistical analysis, and a two-tailed p value less than 0.05 was considered statistically significant.
Results
Case Series
Thirty-two patients met the inclusion criteria, and 24 remained after the exclusion criteria were applied. There were 5 men and 19 women, with a total of 26 histologically confirmed lesions. The mean age at surgery was 38.9 years (range 14-61). The mean follow-up was 26 months (range 3-120). Thirteen patients presented with a pathological fracture (54 %). The median time after initial presentation to surgery for 12/13 patients with pathological fractures (and available data) was 29.5 days (range 9-986 days). Two patients who developed pathological fractures elected to proceed with nonoperative treatment and close follow-up but eventually underwent surgery 481 and 986 days after fracture due to persistent pain. The mean lesion size was 14×10×8 mm (Table 1) . One patient developed recurrence 9 years after the initial procedure, underwent repeat curettage, and subsequently developed contracture of the ring finger proximal interphalangeal joint. Other soft tissue complications c o n s i s t e d o f a s w a n n e c k d e f o r m i t y a n d a metacarpophalangeal joint contracture. There were no refractures or nonunions. At the latest follow-up, complete radiographic consolidation was observed in 17/25 cases (68 %), consolidation in progress was observed in 4 cases (16 %), and irregular cortical and medullary changes persisted in 4 asymptomatic cases (16 %).
Systematic Review
After applying the exclusion and inclusion criteria, 22 studies that incorporated a total of 591 patients and 609 lesions were selected for further analysis ( Table 2 ). Sex and the mean age could not be determined in 42 patients. For the remaining 549 patients, there were 249 males (45 %) and 300 females (55 %). The calculated mean age for these 549 patients was 35.1 (range 6-79 years). Six patients with Ollier's syndrome were identified. There were no patients with Maffucci's syndrome. The distribution of the lesions in 104 cases could not be determined. The distribution of the remaining 505 lesions is depicted in Fig. 2 . The number of patients and lesions in each category were as follows: (1) curettage without further filling, 254 patients, 259 lesions; (2) curettage followed by autograft augmentation, 226 patients, 232 lesions; (3) curettage followed by augmentation with osteoconductive materials other than autografts, 62 patients, 69 lesions; and (4) curettage followed by void augmentation with bone cements, 49 patients, 49 lesions. The respective, calculated mean follow-up times for each category were (1) 3.6 years (range 0. Complications, excluding recurrence, were assessed in 21/ 22 studies and occurred at an incidence of 0.7 % following curettage alone; 3.5 % in the autograft group; 0 % in the group that used bioactive/osteoconductive materials; and 2.0 % in the group treated with cement. One third of all complications in the autograft group (5/15) were related to problems at the iliac crest donor site, including persistent pain and infection. Complications are described in Table 3 and Appendix 1.
Recurrence was assessed in all 22 studies and occurred at an incidence of 2.0 % following curettage alone, 3.2 % in the autograft group, 0 % in the group that used other osteoconductive materials, and 0 % in the group treated with cement. None of the patients with recurrence had a history of Ollier's disease. There were no statistical differences when complication rates or recurrence were compared, p>0.05 (Appendix 2). 
Discussion
Debate persists regarding the efficacy of various methods of postcurettage void augmentation during the surgical treatment of hand enchondroma. The purpose of this study is to show that curettage alone is safe and reliable as compared to curettage followed by void augmentation based on the authors' outcomes and a systematic review of the literature.
The presented case series spanned a 25-year period. During this time, encouraging results were consistently observed when hand enchondromas were treated by curettage without void augmentation. Despite various clinical presentations and various tumor sizes, with a maximum lesion size measuring 25×12×12 mm, there were no postoperative fractures, nonunions, or infections. Complete radiographic consolidation of the curetted lesion was usually noted 4 months postoperatively. In some instances, persistent cortical and medullary architectural changes were a concern for potential recurrence or malignant transformation. However, these concerns did not become clinical problems for our patients.
It should be noted that across all studies, favorable outcomes of hand function are common, while complications are uncommon [1, 2, 6, 9, 11, 12, 14, 21, 30, 34] . Although soft tissue complications were not analyzed in this study, contractures leading to postoperative functional restrictions could be a major source of patient distress following enchondroma surgery [18] . Most complications that developed in our series were related to soft tissue compromise and included two small joint contractures and a swan neck deformity in one case. This category of complications, however, is thought to be more dependent on the process of surgical dissection and postoperative rehabilitation, rather than the process of void management. The results of the systematic review did not demonstrate any statistical differences in complication rates between the various forms of void management. Each form of treatment, however, possesses a unique set of documented and theoretic complications. When considering the use of autograft, one third of complications were related to donor site morbidity, including pain and infection at the iliac crest donor site. Fig. 2 The distribution of 505 hand enchondromas is presented. There is a predilection towards the proximal phalanges and the ulnar side of the hand. Four cases occurred in the carpal bones Table 3 Complications, excluding recurrence, stratified by treatment category In light of these findings, it would be advisable to proceed cautiously if planning to use iliac crest autograft for augmentation. Allograft is more costly than other options and concerns persist about infection of the allograft despite improvements in screening techniques [22] , although there were no such complications described in this systematic review. The theoretic benefits of structural support fillers, such as various forms of bone cement, include their ability to limit the period of immobilization and postoperative recovery and enable quick return to function. Pianta et al. studied the biomechanical advantage of void augmentation with calcium phosphate cement in an enchondroma model [24] . The authors found that although cement augmentation provided significantly increased strength to failure as compared to curettage alone, it afforded less strength in comparison to native cortical bone. The authors also noted no differences in peak load when curettage alone was compared to curettage followed by augmentation with bovine matrix, a surrogate for cancellous allograft. Although cement augmentation affords additional strength to the curetted phalanx or metacarpal, it may not be clinically required given the restricted weight bearing status of patients during postoperative recovery. In theory, cement extravasation into nearby fractures or soft tissues could be a concern, particularly if the cement solidifies over the flexor or extensor tendons. Although these complications were not reported in any of the studies assessed in the systematic review, authors who have used bone cement warn about cement leakage [2, 34] . Prolonged preparation, administration, toxicity, setting time, and cost are additional drawbacks that must be considered when planning to fill voids with bone cement. Importantly, not a single postoperative fracture was documented in the 609 lesions analyzed, most of which were treated by curettage without augmentation. This point is particularly useful for guiding future enchondroma treatment, as the rationale for augmentation has been based, in large part, on improving structural integrity and decreasing postoperative fracture rates. The recurrence rate was found to be highest in the autograft augmentation group, 3.5 %, and this was followed by the group with no augmentation, 2.0 %. The mean respective follow-up times, however, were 8.1 and 3.6 years. Because enchondroma recurrence is generally thought to be temporally associated, without adequate control for the duration of follow-up, it is not possible to conclude whether any treatment options increase or reduce susceptibility to recurrence.
One of the major limitations in the literature review is that not all outcome data were compared from all studies in a uniform manner and we were unable to analyze radiographic outcomes. Second, although it would have been useful to analyze the influences of surgical adjuncts on outcomes (alcohol, phenol, laser [10] , thermal necrosis via bone cement, etc.), this aspect was not investigated due to the limited availability of data. Similarly, a discussion of lesion size could not be conducted secondary to the lack of data within the existing literature. It should be noted that traditionally, surgeons have preferred to wait for pathological fractures to heal prior to proceeding with operative treatment secondary to the belief that complication rates would be higher with immediate curettage. In recent years, however, there has been a trend toward immediate one-stage treatment, as some authors have demonstrated encouraging results based on case series [17] . During the initial stages of this study, we attempted to address the question of whether any differences in patient outcomes existed with one versus two-stage treatment protocols. However, the overwhelming majority of studies reviewed used a two-stage approach, and this question had to be aborted. This question requires more definitive clinical study.
Despite the limitations, several conclusions could be drawn from this study. First, all studies but one were assigned an evidence level of 4, which highlights the limits of current evidence. The results of this study may be used to optimize the design of prospective comparative studies that investigate void management as it relates to the duration of postoperative immobilization, and the impact of surgical adjuncts on recurrence, while controlling for lesion size, and location. Second, postoperative fractures following curettage without augmentation are uncommon, as this complication was not documented in any study. The outcomes of this investigation support the notion that simple curettage without the use of augmentation does not lead to increased complication rates. Consequently, simple curettage is an effective, low-morbidity, and inexpensive option for the treatment of most hand enchondromas. Group 1: curettage followed by no void augmentation; group 2: curettage followed by augmentation with autograft; group 3: curettage followed by augmentation with bioactive or osteoconductive materials other than autografts; group 4: curettage followed by augmentation with cements a N, group 1=148 b N, group 1=254
